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miR172 modulates the output of the
AGAMOUS/APETALA2 antagonistic pair in floral
patterning
Xuemei Chen 1, Li Zhao 2, YunJu Kim 1
1 Department of Botany and Plant Sciences,
900 University Ave., University of California, Riverside,
CA, USA
2 Center for Advanced Biotechnology and Medicine,
Piscataway, NJ, USA
In Arabidopsis, two floral homeotic genes, APETALA2
(AP2) and AGAMOUS (AG), act antagonistically in floral
patterning events such as cell fate specification and the
delineation of homeotic gene expression domains. miR172,
a microRNA, serves as a negative regulator of AP2. We
show that miR172-mediated repression of AP2 is crucial
for the regulation of floral stem cells and for the
delineation of the expression domain of another class of
floral homeotic genes. However, miR172 and AG have
overlapping but distinct developmental functions in floral
patterning. Our studies suggest that miR172 modulates the
activity output from the AG-AP2 antagonistic pair to
endow a spectrum of developmental functions to the pair
of genes.
doi:10.1016/j.ydbio.2006.04.006
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Increased dosage of DSCR1 and DYRK1A on chromosome
21 destabilizes NFAT regulation and accounts for Down
syndrome phenotypes
Alberto Polleri 1, Isabella A. Graef 1, Joseph R. Arron 1
Monte M. Winslow 1, Seung K. Kim 1, Tsuyoshi Miyakawa 2
U. Francke 1, Gerald R. Crabtree 1
1 Stanford University School of Medicine and Howard Hughes
Medical Institute, Stanford, CA, USA
2 Kyoto University Faculty of Medicine, Kyoto, Japan
Trisomy 21 results in Down Syndrome (DS), but little is
known about how a 1.5-fold increase in gene dosage causes
its known pleiotropic phenotypes. We find that two genes,
DSCR1 and DYRK1A, within the critical region of chromo-
some 21, act synergistically to prevent nuclear occupancy of
NFAT transcription factors, which are major regulators of
vertebrate development. Mathematical modeling of the NFAT
pathway, which includes positive and negative feedback loops,
predicts that auto-regulation within the pathway accentuates
the effects of trisomy of DSCR1 and DYRK1A. Moreover,
activation of target genes often requires a threshold level of
NFAT, but numerical simulations show how these may fail to
be transcribed when DSCR1 and/or DYRK1a are increased by
1.5-fold. Disruption of the genetic circuit may occur only for
some of the target genes, those that require a higher activation
threshold, therefore explaining the pleiotropy and the devel-
opmental character of DS. Observations of Calcineurin/NFAT
null mice, DSCR1/DYRK1A transgenic mice, DS mouse
models and human trisomy 21 are consistent with these
predictions. We propose that the 1.5-fold increase in dosage of
DSCR1 and DYRK1A cooperatively destabilizes a regulatory
circuit leading to reduced NFAT activity and many of the
features of DS. More generally, these observations suggest
that destabilization of regulatory circuits may underlie human
disease.
doi:10.1016/j.ydbio.2006.04.007
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The homeodomain protein MLS-2 regulates multiple
aspects of mesodermal development in C. elegans
Yuan Jiang 1, Vanessa Horner 1, Ibrahim Sultan 2, Jun Liu 1
1 Department of Molecular Biology and Genetics, Cornell
University, Ithaca, NY, USA
2 Weill Cornell Medical College In Qatar, Doha, Qatar
The proper formation of a complex organism requires
precise coordination among many events, including cell
proliferation, fate specification and differentiation. The C.
elegans postembryonic mesodermal lineage, the M lineage,
allows us to study mechanisms coordinating these events at
single cell resolution. We have identified an HMX home-
odomain protein MLS-2 in a screen for factors required for M
lineage patterning. The MLS-2 protein is present in nuclei of
undifferentiated cells in the early M lineage and MLS-2
activity appears to be tightly regulated at the transition from
cell proliferation to differentiation. Loss or over-expression of
mls-2 affects cleavage orientation, cell proliferation and fate
specification in the M lineage. We have found that the MyoD
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homolog HLH-1 acts downstream of mls-2 to specify M-
derived coelomocyte cell fates, whereas mls-2 regulates cell
proliferation through the G1 cell cycle regulator CYE-1.
Thus, MLS-2 functions in a cell-type-specific manner to
regulate both cell proliferation and fate specification. We have
also found that the M lineage expression of mls-2 appears to
be directly regulated by the Exd/Pbx homolog CEH-20.
Eliminating CEH-20 or mutating a putative CEH-20 binding
site in the mls-2 promoter leads to the specific loss of mls-2
in the M lineage. We are currently testing whether CEH-20
directly binds to the mls-2 promoter and whether CEH-20
functions together with the Abd-B class Hox proteins (EGL-
5/PHP-3/NOB-1) and the Hth/Meis homolog UNC-62 to
regulate mls-2 expression.
doi:10.1016/j.ydbio.2006.04.008
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Differential regulation of Tbx5 nuclear/cytoplasmic
distribution during heart development
Hans-Georg Simon 1, Benjamin Bimber 1, Troy Camarata 1,
Andre Kulisz 1, Teng-Leong Chew 2, Jennifer Yeung 1
1 Department of Pediatrics, Northwestern University Feinberg
School of Medicine and Children’s Memorial Research Center,
USA
2 Northwestern University Feinberg School of Medicine, USA
In virtually all vertebrates, the Tbx5 gene plays essential
roles during heart and forelimb development, and mutations in
humans result in congenital malformations of heart and limb
structures. In the cell, the encoded Tbx5 transcription factor
interacts in a dynamic manner with the novel PDZ-LIM
domain protein Lmp4. Binding of Tbx5 to Lmp4 leads to a
change of the transcription factor’s sub-cellular location
from an exclusive nuclear to cytoplasmic distribution along
the actin cytoskeleton. The exit of Tbx5 from the nucleus
interferes with expression of heart- and limb-specific
downstream genes, demonstrating that Lmp4 acts as a
modulator of Tbx5 transcriptional activity. Using cultured
primary epicardial cells as an in vitro differentiation model
of epithelial to mesenchymal transition (EMT), we show that
Tbx5 protein sub-cellular re-localization can be stimulated
by signals known to induce EMT. During the course of
development in the chicken heart, Tbx5 and Lmp4 proteins
are expressed in distinct regions in exclusive and over-
lapping patterns. In this in vivo situation, we find Tbx5
distributed in the nucleus and cytoplasm or predominantly
localized to the nucleus, depending on the presence or
absence of Lmp4. These findings support the model that
Lmp4 regulates Tbx5 at the cellular level but also provide
the first evidence of previously unknown roles for nuclear
and cytoplasmic Tbx5 distribution in the developing embryo.
Supported by NIH grant ES012725-01.
doi:10.1016/j.ydbio.2006.04.009
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Excision of the mouse Xist gene alters the heterochromatin
of the inactive X chromosome and the replication time and
DNA stability of both X chromosomes
York Marahrens 1, Silvia Diaz-Perez 1, Shih-Chang Tsai 1,
David Ferguson2
1 Dept. of Human Genetics, UCLA, Los Angeles, CA, USA
2 Dept. of Pathology, University of Michigan, Ann Arbor,
MI, USA
The inactive X chromosome (Xi) of female mammals
displays several properties of heterochromatin including late
replication in S phase, hypoacetylation of histone H4,
hypomethylation at lysine-4 of histone H3, and DNA
methylation at CpG islands. Here we show that Cre-Lox
mediated excision of 21-kb from both Xist alleles subsequent
to the completion of the developmentally regulated X-
inactivation led to the appearance, throughout the Xi, of
histone modifications normally associated with euchromatin:
histone acetylation and histone H3 lysine 4 methylation.
Despite the appearance of euchromatic histone modifications,
the deletions at both Xist alleles did not abolish Brca1 and
Mecp2 localization to the Xi and caused the Xi to replicate
even later in S phase than it does in wild type female cells.
Homozygosity for the 21-kb deletion also caused the regions
of the active X chromosome associated with very high
concentrations of LINE-1 repetitive elements to be replicated
very late in S phase. Extreme late replication is a property
of fragile sites and the 21-kb deletions destabilized the DNA
of both X chromosomes leading to deletions and transloca-
tions. The X chromosome instability triggered the DNA
damage response. The deletions at the Xist locus also
resulted in gamma-H2AX, a histone variant that associates
with double strand breaks and other DNA damage,
concentrating throughout the Xi. Element(s) at the Xist
locus therefore serve to maintain the stability of the X
chromosomes.
doi:10.1016/j.ydbio.2006.04.010
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Non-Mendelian inheritance of DNA sequence information
in Arabidopsis
Robert E. Pruitt, Susan J. Lolle
Purdue University, West Lafayette, IN, USA
Stable inheritance of allelic information represents one of
the cornerstones of classical Mendelian genetics. While
various forms of genetic instability are well documented,
none represents a general, genome-wide phenomenon that
allows non-Mendelian inheritance of specific genetic infor-
mation. In contrast to this, progeny of hothead (hth) mutant
plants are able to inherit allele-specific DNA sequence
information that was not present in the genomes of their
parents, but was present in the genomes of their grand-
parents. All mutant alleles of the HTH locus share the
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